Although DNA methylation profiles in breast cancer have been connected to breast cancer molecular subtype, there have been no studies of the association of DNA methylation with stem cell phenotype. This study was designed to evaluate the promoter CpG island methylation of 15 genes in relation to breast cancer subtype, and to investigate whether the patterns of CpG island methylation in each subtype are associated with their cancer stem cell phenotype represented by CD44 þ /CD24À and ALDH1 expression. We performed MethyLight analysis of the methylation status of 15 promoter CpG island loci involved in breast cancer progression (APC, DLEC1, GRIN2B, GSTP1, HOXA1, HOXA10, IGF2, MT1G, RARB, RASSF1A, RUNX3, SCGB3A1, SFRP1, SFRP4, and TMEFF2) and determined cancer stem cell phenotype by CD44/CD24 and ALDH1 immunohistochemistry in 36 luminal A, 33 luminal B, 30 luminal-HER2, 40 HER2 enriched, and 40 basal-like subtypes of breast cancer. The number of CpG island loci methylated differed significantly between subtypes, and was highest in the luminal-HER2 subtype and lowest in the basal-like subtype. Methylation frequencies and levels in 12 of the 15 genes differed significantly between subtypes, and the basal-like subtype had significantly lower methylation frequencies and levels in nine of the genes than the other subtypes. CD44 þ /CD24À and ALDH1 þ putative stem cell populations were most enriched in the basal-like subtype. Methylation of promoter CpG islands was significantly lower in CD44 þ /CD24-cell ( þ ) tumors than in CD44 þ /CD24-cell (À) tumors, even within the basallike subtype. ALDH1 ( þ ) tumors were also less methylated than ALDH1 (À) tumors. Our findings showed that promoter CpG island methylation was different in relation to breast cancer subtype and stem cell phenotype of tumor, suggesting that breast cancers have distinct patterns of CpG island methylation according to molecular subtypes and these are associated with different stem cell phenotypes of the tumor.
Breast cancer is a heterogeneous disease with different biological characteristics and clinical behaviors. Five major molecular subtypes (luminal A, luminal B, HER2 þ , basal-like, and normal breast-like) have been identified by comprehensive gene expression profiling and are associated with different clinical outcomes. [1] [2] [3] Luminal A breast cancers express hormone receptor, have favorable outcomes, and can be treated by hormone therapy, while basal-like and HER2 þ breast cancers do not express hormone receptors and have poor prognoses. Although HER2 þ breast cancers can be treated by targeted therapy using trastuzumab or lapatinib, no specific therapy is available for the basal-like subtype. 4, 5 As in other types of human cancer, breast cancer development involves the accumulation of both genetic alterations such as amplification of oncogenes and mutation or loss of tumor suppressor genes (TSGs) and epigenetic alterations such as DNA methylation and histone modification. 6, 7 Cancer-related DNA methylation involves genomic DNA hypomethylation associated with chromosomal instability and hypermethylation of promoter CpG islands, the latter representing an alternative mechanism for inactivating TSGs, resulting in their transcriptional silencing. 8, 9 In breast cancer, promoter CpG island hypermethylation has been described for genes involved in all aspects of cellular function. 7 There are reports that promoter CpG island hypermethylation is associated with various histopathologic characteristics of breast cancers, including histologic type, 10, 11 tumor grade, 12, 13 hormone receptor, and HER2/neu status. [14] [15] [16] [17] Array-based comprehensive DNA methylation profiling has shown that breast cancer molecular subtypes have their own methylation profiles. [18] [19] [20] [21] Moreover, these different methylation profiles were evident throughout the CpG islands of the genome, not limited to functional genes. 20 Kamalakaran et al 20 reported that the methylation patterns of differentially methylated genes in luminal A tumors were similar to those identified in CD24 þ luminal epithelial cells, and those in basal-like tumors resembled those of CD44 þ breast progenitor cells, suggesting that the methylation patterns of the breast cancer subtypes reflect the methylation patterns of their cells of origin.
The idea that the different breast cancer subtypes derive from different cell types would mean that basal-like tumors derive from bi-potential mammary stem cells and luminal tumors from luminal progenitor cells, 22 although recent studies suggest that the luminal progenitor population is a target for transformation in BRCA1-associated basal tumors. 23, 24 In breast cancer, lin À /CD44 þ /CD24
À/low cells have been proposed as candidate breast cancer stem cells based on xenotransplant assays in NOD/ SCID mice. 25 Aldehyde dehydrogenase (ALDH) activity has also been suggested as a putative marker of normal and malignant mammary stem cells. 26 In a previous study, 27 we investigated the expression of 12 proteins including CD44, CD24, and ALDH1, which were differentially expressed in breast cancer cells with more differentiated luminal (CD24 þ ) and stem cell-like characteristics (CD44 þ ), 28 in different breast cancer subtypes and found that CD44 þ / CD24À and ALDH1 þ cancer cells were enriched in basal-like breast cancers.
In this study, we evaluated promoter CpG island methylation in various breast cancer subtypes using 15 genes (APC, DLEC1, GRIN2B, GSTP1, HOXA1,  HOXA10, IGF2, MT1G, RARB, RASSF1A, RUNX3,  SCGB3A1, SFRP1, SFRP4 , and TMEFF2) previously implicated in breast cancer progression. 13 We investigated in particular whether the distinct patterns of CpG island methylation in each subtype reflected their cancer stem cell phenotypes as represented by CD44 þ /CD24À phenotype and ALDH1 expression. Formalin-fixed, paraffin-embedded archival tissue  from 129 patients who underwent surgical resection  for invasive breast cancer between 2004 and 2009 were selected from the files of the Department of Pathology, Seoul National University Bundang Hospital, based on immunohistochemical findings of ER, PR, HER2, Ki-67, cytokeratin 5/6 and EGFR, and breast cancer subtype defined by immunohistochemical profile. In addition, we included immunohistochemical and methylation data for 50 cases of invasive breast cancer from a previous study. 13 All patients were female, with a mean age of 51 (range, 20-85 years). Clinicopathologic information was obtained by reviewing pathology reports and hematoxylin and eosin-stained sections. The following histopathologic variables were determined: histologic subtype, tumor size, T stage, N stage, Nottingham combined histologic grade, lymphovascular invasion, tumor border, and presence or absence of ducal carcinoma in situ component. All cases were independently reviewed by two breast pathologists (SYP and HEL). The study was approved by the institutional review board of Seoul National University Bundang Hospital (protocol # B-1005-100-302).
Materials and methods

Patients and Tissue Specimens
MethyLight Analysis
Three to five serial sections (4-mm thick) from each representative paraffin block were stained with hematoxylin and eosin. Tumor areas with 470% neoplastic cells were marked and manually dissected under a microscope. Dissected tissues were subjected to tissue lysis using proteinase K lysis buffer at 55 1C for 24-48 h. Bisulfite modification of the digested samples was performed using an EZ DNA methylation kit (Zymo Research, Orange, CA, USA). DNA methylation analyses were performed with the MethyLight assay. MethyLight reaction primers and probes for the 15-CpG island loci (APC, DLEC1, GRIN2B, GSTP1, HOXA1, HOXA10, IGF2, MT1G, RARB, RASSF1A, RUNX3, SCGB3A1, SFRP1, SFRP4, and TMEFF20) were used as described previously. 13 Briefly, MethyLight PCR was performed in 30-ml volumes containing 0.2 mM deoxyribonucleotide triphosphates, 0.3 mM forward and reverse primers, 0.05 mM probe, 3.5 mM MgCl 2 , 0.05% gelatin, 0.01% Tween-20, 1 Â PCR buffer, and 0.5 U of AmpliTaq Gold polymerase. The amplification conditions for all primers consisted of 95 1C for 10 min, followed by 50 cycles of 95 1C for 20 s, and 59 1C for 40 s. ALU repeats were used as an internal reference to normalize input DNA and to generate a standard curve. Bisulfite-modified placental genomic DNA treated with M.SssI was used as a control reaction for the ALU repeat and selected promoter CpG loci. The percentage of methylated reference (PMR) for each genetic locus was calculated as 100 times the GENE/ALU methylation ratio of each sample divided by the GENE/ALU methylation ratio of reference DNA treated with M.SssI. The methylation status of each sample was considered positive when PMR 44, a cutoff value based on validated data. 29 
Immunohistochemical Analyses and Scoring
In all, 4-mm thick tissue sections were cut, dried, deparaffinized, and rehydrated following the standard procedures. All the sections were subjected to heat-induced antigen retrieval. Immunohistochemical staining was carried out in a BenchMark XT autostainer (Ventana Medical Systems, Tucson, AZ, USA) using an i-View detection kit (Ventana Medical Systems) for ER (1:100; clone SP1; Labvision), PR (1:70; PgR 636; Dako), HER2 (1:700; polyclonal; Dako), p53 (1:600; D07; Dako), Ki-67 (1:250; MIB-1; Dako), cytokeratin 5/6 (1:50; clone D5/16 B4; Dako), epidermal growth factor receptor (EGFR) (EGFR pharmDxt, Dako), CD44 (1:200; Clone 156-3C11; Neomarkers), CD24 (1:100; Clone SN3b; Neomarkers), and ALDH1 (1:100; Clone 44; BD Biosciences). Double immunostaining with antibodies to CD44 and CD24 was performed using the EnVision G|2 Doublestain System (Dako). CD44 was detected with diaminobenzidene and CD24 was detected using Permanent Red. We confirmed the accuracy of double immunostaining by comparing it with single immunostaining for CD44 and CD24, separately.
ER and PR were regarded as positive if there were at least 1% positive tumor nuclei, according to the ASCO/CAP guidelines. 30 Expression of HER2 and EGFR was scored as follows: 0, no staining; 1 þ , weak and incomplete membranous staining in Z10% of the tumor cells; 2 þ , weak to moderate, complete membranous staining in Z10% of the tumor cells; 3 þ , strong, complete membranous staining in Z30% of the tumor cells. Any positive staining was regarded as positive for EGFR, and 3 þ was considered positive for HER2. For cytokeratin 5/6, cases with any positive membranous staining were grouped as positive. For p53, cases with Z10% positive staining were grouped as positive. The proportions of ALDH1 positive and CD44 þ /CD24À tumor cells were counted semiquantitatively and any positive cells, and Z10% positive cells were grouped as positive, respectively.
Fluorescence In Situ Hybridization Assays for HER2 Gene Amplification
To determine HER2 gene amplification, we used the PathVysion (Vysis, Downers Grove, IL, USA) assay and evaluated it as previously described. 31 At least 50 cells were examined for each case, and the HER2 gene was considered to be amplified in tumors with ratios of HER-2 to CEP17 Z2.2.
Definition of Breast Tumor Subtypes
Breast cancer subtypes were defined according to Voduc et al 32 and were categorized as follows: 
Statistical Analysis
Statistical analysis was performed with SPSS software (version 15.0, SPSS, Chicago, IL, USA). The w 2 test or Fisher's exact test was used when comparing categorical variables. Differences between continuous data including PMR values for tumor subtypes were analyzed by ANOVA or the Kruskal-Wallis test, as appropriate. If differences between the two independent groups were involved, the independent-samples t-test or Mann-Whitney test was used. P-values o0.05 were considered statistically significant. All P-values reported were two-sided.
Results
Clinicopathologic Characteristics of Tumors
Patient and tumor characteristics in relation to subtype are summarized in Table 1 . Significant differences were found for the age of patients (P ¼ 0.017) and multiple comparison indicated that the patients with basal-like cancers were significantly younger than those with HER2 enriched subtype (P ¼ 0.030). Histologic grade, p53 overexpression, and Ki-67 proliferation index were significantly different between the subtypes (Po0.001). The basal-like and HER2 enriched subtypes had high histologic grades and a higher frequency of p53 overexpression than the other subtypes. Ki-67 proliferation indices were significantly higher in the basal-like, HER2 enriched and luminal B subtypes.
CpG Island Methylation According to Breast Cancer Subtype
Using MethyLight analysis, we examined the promoter CpG island methylation of a panel of 15 genes shown to be involved in breast cancer progression in a previous study. 13 The different samples varied in levels of methylation of the 15 genes, as shown in the methylation map of the PMR values obtained for each CpG island locus ( Figure 1 ). First, we compared the number of methylated CpG islands according to subtype. The number of CpG island loci methylated (PMR44) varied from 1 to 13 in the luminal A and luminal B subtypes, from 5 to 14 in the luminal-HER2 subtype, from 1 to 12 in the HER2 enriched subtype, and from 0 to 7 in the basal-like subtype ( Figure 2 ). enriched, P ¼ 0.022; luminal-HER2 vs basal-like, Po0.001) and lowest in basal-like subtype with significant differences with the other subtypes (Po0.001). There were no differences between the luminal-HER2 and luminal B subtypes, and between the HER2 enriched and luminal subtypes. We also compared methylation frequencies and levels for each locus (Tables 2 and 3 ). Significant differences in methylation frequencies and levels were found between the subtypes for 12 genes (APC, DLEC1, GRIN2B, GSTP1, HOXA1, MT1G, RARB, RASSF1A, RUNX3, SCGB3A1, SFRP1, and TMEFF2) but not for HOXA10, IGF2, and SFRP4. Specifically, the basal-like subtype had significantly lower methylation frequencies and levels in those 12 genes than the luminal-HER and HER enriched subtypes, lower methylation frequencies and levels in 10 genes (APC, DLEC1, GRIN2B, GSTP1, HOXA1, RASSF1A, RUNX3, SCGB3A1, SFRP1, and TMEFF2) than the luminal B subtype, and lower methylation frequencies and levels in nine genes (APC, DLEC1, GSTP1, HOXA1, RASSF1A, RUNX3, SCGB3A1, SFRP1, and TMEFF2) than the luminal A subtype.
When the luminal-HER2 and HER2 enriched subtypes were compared, the luminal-HER2 subtype had significantly higher methylation frequencies and levels for DLEC1 (P ¼ 0.027, P ¼ 0.015, respectively), GSTP1 (P ¼ 0.043, P ¼ 0.002, respectively), RUNX3 (P ¼ 0.018, P ¼ 0.002, respectively), SCGB3A1 (P ¼ 0.007, P ¼ 0.002, respectively), and SFRP1 (P ¼ 0.022, P ¼ 0.011, respectively). The luminal-HER2 and luminal B subtypes differed in methylation frequency and level only for SCGB3A1 (P ¼ 0.008, P ¼ 0.018, respectively). The luminal B and luminal A subtypes differed in methylation frequency for HOXA1 (P ¼ 0.032) and RARB (P ¼ 0.048), and in methylation levels for APC (P ¼ 0.041), HOXA1 (P ¼ 0.006), and SFRP1 (P ¼ 0.026).
When ER-positive and ER-negative groups were analyzed collectively, APC, DLEC1, HOXA1, RASS-F1A, RUNX3, SCGB3A1, and SFRP1 had significantly higher methylation frequencies and levels in the ER-positive groups. GSTP1 and TMEFF2 were more highly methylated in the ER-positive group, but only in terms of the methylation frequency (Figure 3a and b) .
Association of CpG Island Methylation with the Expression of Stem Cell Markers
We have shown above that promoter CpG islands are less methylated in the basal-like subtypes than the other subtypes. To see whether this finding was associated with the stem cell phenotype of the tumors, we examined stem cell markers in 171 cases by immunohistochemistry. CD44 þ /CD24À putative stem cell populations differed between subtypes, being most enriched in the basal-like subtype (P ¼ 0.009 by the Kruskal-Wallis test). The frequency of CD44 þ /CD24-cell ( þ ) tumors was significantly higher in the basal-like subtype than the other subtypes (luminal A vs basal-like, P ¼ 0.010; luminal B vs basal-like, P ¼ 0.011; luminal-HER2 vs Figure 2 Box plot depicting the number of methylated genes among the 15-CpG island loci in the subtypes of breast cancer. The box shows the 25th-75th percentile, the horizontal line inside the box represents the median, the whiskers extend to the 10th and 90th percentiles, and the outlying black circles are individual data points outside the 10th and 90th percentiles. The number of CpG island loci methylated is highest in the luminal-HER2 subtype and lowest in the basal-like subtype. Figure 6a ). Methylation frequencies and levels of APC, DLEC1, GRIN2B, GSTP1, HOXA1, MT1G, RASSF1A, and TMEFF2 were significantly lower in the CD44 þ /CD24-cell ( þ ) group than the CD44 þ /CD24-cell (À) group (Table 4) . ALDH1-positive group also had significantly lower number of methylated genes than the ALDH1-negative group (P ¼ 0.023; Figure 6b ). Compared with ALDH1-negative group, ALDH1-positive group had significantly lower methylation frequencies and levels for APC (48 vs 28%, P ¼ 0.047; 1.46 vs 0, median, P ¼ 0.013), DLEC1 (44 vs 22%, P ¼ 0.022; 2.27 vs 0, median, P ¼ 0.001), and RASSF1A (77 vs 50%, P ¼ 0.002; 15.32 vs 3.62, median, P ¼ 0.004). In the subgroup analyses of basal-like and non-basal-like subtypes, the number of methylated genes remained lower in the CD44 þ /CD24-cell ( þ ) group of basallike subtype than in the CD44 þ /CD24-cell (À) group (P ¼ 0.021; Figure 6c ) and tended to be low in CD44 þ /CD24-cell ( þ ) group of non-basal-like subtypes (P ¼ 0.093; Figure 6d) . However, the subgroup analyses revealed no differences with respect to ALDH1.
Discussion
Although DNA methylation profiles in breast cancer have been related with breast cancer molecular subtype, there have been no studies of the association of DNA methylation with stem cell phenotype of breast cancer. In the present study, we showed that breast cancers have different methylation patterns according to molecular subtypes and that these differences were associated with the stem cell phenotypes of the tumors.
Specific oncogenic pathways have been suggested for the different breast cancer subtypes. Using array comparative genomic hybridization, candidate oncogenes have been identified in chromosomal regions 1q21-23, 10p14, and 12p13 in basal-like breast cancers, and in 1q21-23, 8p12-q21, 11q13, and 16p12-13 in luminal breast cancers. 33 Moreover, it seems that DNA copy number alterations also underlie the different subtypes of breast cancer. It has been reported that higher numbers of gains/ losses are associated with the basal-like subtype, while high-level DNA amplification is more frequent in the luminal B and HER2 þ subtypes. 34 However, not only genetic alterations but also epigenetic changes contribute to gene expression changes in the molecular subtypes of breast cancer. Previous studies have reported the association of DNA methylation patterns with molecular subtypes of breast cancer through hormone receptor and HER2/neu status. [14] [15] [16] [17] 35 In an early study by Sunami et al, 14 double-negative (ER-negative, HER2/neunegative) breast cancers, corresponding to the basal-like subtype, were reported to have lower frequencies of RASSF1A, GSTP1, and APC methylation, and this was confirmed in the present study. Suijkerbuijk et al 36 examined the methylation of 11 genes involved in breast carcinogenesis (RARB, RASSF1, TWIST, CCND2, ESR1, SCGB3A1, BRCA1, BRCA2, CDKN2A, APC, CDH1) by quantitative multiplex methylation-specific PCR in BRAC1-associated and sporadic breast cancers, and showed that the median values for RASSF1, TWIST, SCGB3A1, APC, and the cumulative methylation index for the 11 genes, were significantly lower in BRAC1-associated hereditary breast cancers than in sporadic ones. Similarly, Lee et al 37 reported that methylation levels and ratio of SCGB3A1 (also known as HIN1), RASSF1A, and TWIST were lower in the basal-like subtype than the luminal and HER2 subtypes. As BRCA1-associated breast cancers usually are of the basal-like subtype, their observations are in agreement with our data. In the present study, the methylation frequencies and levels for 12 genes differed between subtypes and the basal-like subtype had lower methylation frequencies and levels for nine genes (APC, DLEC1, GSTP1, HOXA1, RASSF1A, RUNX3, SCGB3A1, SFRP1, and TMEFF2) than the other subtypes.
However, studies focused on individual TSGs using locus-specific methylation analysis can provide only limited information. Recent studies using array-based methylation analysis have confirmed that the molecular subtypes of breast cancer have subtype-specific methylation profiles. [18] [19] [20] [21] Holm et al 19 demonstrated differences in the methylation profiles of luminal A, luminal B, and basal-like breast cancers, with luminal B and basal-like breast cancers being most and least frequently methylated, respectively. In our study, the number of CpG island loci methylated was highest in the luminal-HER2 subtype and lowest in the basal-like subtype. Our data are in accord with their observation, although we only investigated a limited number of CpG islands, and subtype was defined by immunohistochemical findings of ER, PR, HER2, CK5/6, EGFR, and Ki-67. Bediaga et al 18 also identified differential methylation among the tumor subtypes in 15 of 1505 screened CpG islands and found that the basal-like subtype had the lowest methylation levels among the studied subtypes.
We found that methylation of the CpG islands was lower in tumors showing stem cell phenotype as defined by CD44 þ /CD24À and ALDH1 expression. Basal-like tumors are known to be enriched with cells of stem cell phenotype, as shown in this study. 27, 38, 39 Thus, the lower CpG island methylation in tumors of the CD44 þ /CD24À or ALDH1 þ phenotype may reflect the association of the basallike subtype with stem cell phenotype. However, we showed that the number of methylated genes was still significantly lower in CD44 þ /CD24-cell ( þ ) tumors than in CD44 þ /CD24-cell (À) tumors, even within the basal-like subtype. Bloushtain-Qimrom et al 28 reported that CD44 þ progenitor-like cells of normal mammary epithelium were hypomethylated compared with luminal epithelial (CD24 þ and MUC1 þ ) and myoepithelial (CD10 þ ) cells, and that cell type-specific methylation patterns were conserved in breast cancer subtypes. Kamalakaran et al 20 also demonstrated that the methylation patterns in the basal subtype overlapped with those in CD44 þ cells, and that the patterns in luminal The lower degree of methylation in the basal-like subtype is compatible with its chromosomal instability. Genomic DNA hypomethylation has been implicated in carcinogenesis by virtue of inducing chromosomal instability, as evidenced by a study in which knocking out DNA methyltransferase (DNMT) genes resulted in genomic hypomethylation and alterations of chromosome structure and/ or changes in chromosome copy number. 9 A recent study revealed that impaired function of BRCA1 leads to global DNA hypomethylation, loss of genomic imprinting, and an open chromatin configuration at premalignant stages of several types of tissues in a BRCA1 mutant mouse model and that in human clinical samples reduced expression of BRCA1 correlates with decreased levels of DNMT1 and reduced methylation of CpG islands. 40 Thus, BRCA1 dysfunction in BRACA1-associated hereditary breast cancers and sporadic basal-like breast cancers may be associated with lower methylation of CpG islands. 41, 42 We found significantly higher methylation frequencies or levels in the promoter CpG islands of nine genes (APC, DLEC1, GSTP1, HOXA1, RASS-F1A, RUNX3, SCGB3A1, SFRP1, and TMEFF2) in the ER-positive group compared with the ERnegative group. An association of APC, RASSF1A, and SCGB3A1 with ER-positivity has been reported in previous studies 14, 15 and our data confirmed this association. The nine genes also showed different methylation patterns in the basal-like subtype compared with other subtypes. Recently, Van der Auwera et al 43 classified breast cancers into two groups with different methylation signatures (high methylation and low methylation) by unsupervised hierarchical cluster analysis of the methylation values of 500 CpG loci using 19 inflammatory breast cancers and 43 non-inflammatory breast cancer samples. DLEC1, GSTP1, RASSF1A, RUNX3, and SFRP1 were included in the genes differentially methylated in the low methylation and high methylation groups. However, they found no difference between the two groups with regard to ER, PR, and HER2 expression. This discrepancy may be due to differences in sample size, characteristics of the samples studied, and/or type of methylation analysis.
As epigenetic changes may be reversible, new therapeutic strategies focusing on epigenetic alterations have been suggested in solid tumors as well as hematolymphoid malignancies. [44] [45] [46] DNMT and histone deacetylases (HDAC) have become the primary targets for the epigenetic regulation of cancer. 45, 46 If DNMT and HDAC inhibitors act by reactivating TSGs, DNA methylation status may be used as a biomarker to predict response to treatment with these drugs. 45 As basal-like subtype of breast cancer or breast cancer with stem cell phenotype was found to be less methylated in the genes involved in breast cancer progression, the agents that modulate epigenetic changes may be less effective in those cases. Conversely, as breast cancers with luminal-HER2 subtype or more differentiated cell phenotype show high level of promoter CpG islands methylation, they may be good targets for epigenetic therapy. Thus, distinct patterns of promoter CpG island methylation in breast cancer according to subtype or stem cell phenotype may have clinical implications in epigenetic therapy in the future. In summary, we studied the CpG island methylation of 15 tumor-related genes with regard to breast cancer subtype, and compared the methylation patterns of the subtypes with their stem cell phenotypes. CpG island methylation was significantly lower in the basal-like subtype than in the other subtypes and the methylation of promoter CpG islands was inversely related to stem cell phenotypes of the tumor as revealed by CD44 þ /CD24À and ALDH1 expression. Our results suggest that breast cancers have different methylation patterns according to molecular subtype and that these are associated with stem cell phenotype of the tumors.
